Formation of biofilm is a prominent feature of prosthetic joint infections (PJIs) and constitutes a challenge to current sampling procedures and culture practices. Molecular techniques have a potential for improving diagnosis of biofilm-adapted, slow-growing and non-culturable bacteria. In this exploratory study we investigated the bacterial diversity in specimens from 22 patients clinically suspected of having PJIs. Bacteriological cultures were performed according to standard practice. A total of 55 specimens from 25 procedures ('specimen sets') were submitted to broad range 16S rRNA gene PCR, cloning, sequencing and phylogenetic analysis. More than 40 bacterial taxa within six phyla were identified in 14 specimen sets originating from 11 patients. Direct observation of biofilm was made in selected specimens by fluorescence in situ hydridization. 16S rRNA gene analysis and bacteriological cultures were concordant for 15/25 specimen sets (60%; five positive, 10 negative); additional taxa were detected in four sets by gene analysis, and discrepant results were obtained for six sets, five of which were negative on culture. Polymicrobial communities were revealed in 9/14 sets by gene analysis and 1/10 sets by culture (P < 0.05). Although our study was not conclusive, these findings are consistent with a primary role of biofilm formation in PJIs.
Introduction
Joint replacement is one of the most common surgical procedures in industrialized countries. In Denmark the combined incidence of primary hip and knee arthroplasties was 280 per 100 000 inhabitants in 2008 (DHAR, 2011; DKAR, 2011) . Revisions accounted for 40 additional operations per 100 000 inhabitants (DHAR, 2011; DKAR, 2011) . The main causes for revisions are aseptic biomechanical failure and infection (Trampuz et al., 2003) . After primary arthroplasty the cumulative prevalence of infection is estimated to be 0.5-2% (Spangehl et al., 1999; Zimmerli et al., 2004; Kurtz et al., 2008; Pulido et al., 2008) and it is even higher after surgical revision (Trampuz & Zimmerli, 2008) . The burden of morbidity and the economic costs associated with prosthetic joint infections (PJIs) are significant (Hebert et al., 1996; Lavernia et al., 2006) . Both diagnosis and treatment of PJI remain complex, which can to a large extent be attributed to protected growth of bacteria in biofilms (Trampuz et al., 2003; Trampuz & Widmer, 2006) . The biofilm mode of growth renders bacteria resistant to the host immune system and most antimicrobial agents (Stewart & Costerton, 2001) .
Culture techniques have been the mainstay for the diagnosis of PJIs, with synovial fluid and surgical periprosthetic soft tissue biopsies being the preferred specimen types (Bauer et al., 2006) . Nevertheless, culturebased methods often fail to demonstrate bacterial agents in patients with a high likelihood of PJI (Zimmerli et al., 2004; Mikkelsen et al., 2006; Berbari et al., 2007; Trampuz et al., 2007) . This has called for reconsideration of sampling and laboratory procedures. Biofilms on the surface of the prosthesis may be important because this niche can remain undetected when biopsies are taken from periprosthetic tissues or the synovial membrane (Gomez & Patel, 2011) . Sonication has proved effective for dislodgement of biofilms from removed prostheses or prosthetic components (Trampuz et al., 2007) but even with these precautions, biofilm bacteria may grow poorly on agar plates (if at all), and some bacteria may be viable but nonculturable (Zimmerli et al., 2004; Costerton, 2005) .
To overcome these limitations, culture-independent molecular methods have been introduced (Costerton, 2005; Fenollar et al., 2006; Vandercam et al., 2008) . Still, the number of published PJI studies using molecular methods remains small. Complex bacterial communities are a hallmark of biofilm infections and in this study we have specifically addressed bacterial diversity in samples from patients suspected of PJI. Broad range 16S rRNA gene PCR, cloning, sequencing, phylogeny and quantitative PCR (qPCR) were applied to different types of specimens with the aim of helping to devise effective strategies for the diagnosis of PJI.
Methods
This exploratory non-interventional study was conducted within the framework of 'PRIS', a Danish multidisciplinary project on prosthesis-related infection and pain. The 'PRIS' project was approved by the regional research ethics committee for North Denmark (N-20110022).
Patients and sampling procedures
Specimens for bacterial DNA analysis were obtained in parallel with specimens for bacteriological culture in 22 patients with suspected PJI during a planned diagnostic procedure -a preoperative aspiration of synovial fluid (n = 11), a surgical revision (n = 9) or both (n = 2). Four patients had a hip prosthesis and 18 a knee prosthesis. Except for the surgeon's suspicion of infection, no fixed criteria were set for inclusion of patients.
Sampling was carried out once in 20 patients and three and two times in one patient each (nos 1 and 2, respectively). Both patients had a preoperative aspiration of synovial fluid and subsequent removal of the prosthesis within 10 days. Patient 1 had a previous specimen set obtained during debridement with retention of the prosthesis 7 months earlier. The median time (interquartile range) from implantation of the prosthesis to the diagnostic procedure was 4.5 months (1-12 months); if more than one procedure was performed, the first defined the insertion period.
Periprosthetic surgical biopsies (approximately 0.15 cm 3 ) were taken under sterile conditions with separate instruments and placed in sterile tubes (Greiner Bio-One, Germany); biopsies for culture were stored in Stuart transport medium (SSI Diagnostika, Denmark). Specimens from the surface of the prosthesis (approximately 2-5 cm 2 ) were obtained with a flocked swab placed in Amies transport medium (ESwab, Copan, Italy); the material was released from the swab and the medium subsequently analyzed. Prostheses or spacers removed during revision were placed in sterile containers of the appropriate size. All specimens were transported within a few hours to the laboratory at ambient temperature.
DNA extraction
Biopsies of soft tissue or spongious bone were cut into small pieces under sterile conditions. Removed prostheses or spacers were either sampled with an ESwab or submitted to sonication (42 kHz ± 6%, 10 min) in autoclaved MilliQ water. Subsequently, the sonication fluid was centrifuged (6000 g, 10 min) and the pellet was resuspended in 1-5 mL of diethylpyrocarbonate (DEPC)-treated water. For one patient (no. 2B) both procedures were performed.
In 
16S rRNA gene PCR amplification
The 16S rRNA gene was amplified in nearly full length using universal bacterial primers 5′-AGAGTTTGATCCT GGCTCA-3′ (26F) and 5′-GACGGGCGGTGTGTACAA-3′ (1390R) (Lane, 1991) according to Thomsen et al. (2001) . The amplified DNA was subjected to agarose gel electrophoresis. Stringent procedures were employed to prevent contamination. Each reaction mixture excluding DNA template was prepared in a Biocap TM (Erlab, France) with UV light exposure for at least 10 min before each PCR setup. DNA templates were added to the reaction mixtures in a separate room, where post-PCR analysis was also carried out. Negative and positive controls were included within each batch of specimens. Positive controls contained the standard reaction mixture with DNA extracted from an activated sludge sample, whereas negative controls contained DEPC-treated water instead of specimen.
Cloning and sequencing
After the 16S rRNA gene PCR products were confirmed to be of the correct size by agarose gel electrophoresis, the PCR products were purified with Nucleospin Extract II columns (Machery-Nagel, Germany) according to the manufacturer's instructions. The PCR fragments were then ligated into the pCT 4-TOPO-plasmid and transformed into One Shot ® TOP10 chemically competent Escherichia coli as described in the TOPO TA Cloning ® Kit for Sequencing (Invitrogen) protocol. The transformed cells were spread on Luria-Bertani agar containing 50 lg mL
À1
kanamycin and 50 lg mL À1 X-gal (5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside) and incubated overnight at 37°C. From each clone library, 24-48 colonies were randomly selected and the plasmids were amplified using rolling circle amplification with IllustraTM TempliPhi Kit (GE Healthcare, UK) according to the manufacturer's instructions. Presence of an insert of the correct size was analyzed by PCR using M13 primers followed by agarose gel electrophoresis. The plasmids were sequenced by Macrogen Inc. (South Korea) in both directions using the M13 primers.
Phylogenetic analysis
A consensus sequence was compiled by assembling the forward and reverse sequences for each clone and trimming vector sequences in CLC Main Workbench (CLC bio, Denmark). Sequences were checked for chimeras using the MALLARD software package (Ashelford et al., 2006) . The BLASTN function was used for initial identification of the closest relatives of the consensus sequences in the NCBI database (http://www.ncbi.nlm.nih.gov/) with standard parameters except that 'Nucleotide collection' was the chosen database and 'Entrez Query' was limited to 'Bacteria [ORGN]'. Afterwards, the consensus sequences were aligned using SINA Web Aligner (Pruesse et al., 2007) and imported into the ARB software package (Ludwig et al., 2004) for taxonomic lineage assignment using the non-redundant SSU Ref database from SILVA Release 106 as reference database. The sequences were assigned based on their position after parsimony insertion into the database using a filter which was defined by applying the SAI sequence 'pos_var_ssuref: bacteria', using only sequences between E. coli nucleotides 27-1390, and omitting hypervariable portions of the rRNA gene. The consensus sequences and their closest relatives in the database were then selected to calculate phylogenetic trees using neighbor-joining, maximum parsimony and maximum likelihood methods.
Additionally, all clones having a 16S rRNA gene sequence similarity of more than 97% with each other were grouped into an operational taxonomic unit (OTU), roughly corresponding to the bacterial species level (Juretschko et al., 2002) . Only representative sequences from each OTU were selected to construct the phylogenetic trees. The coverage ratio (C) for each of the clone libraries was calculated using the equation
where N singletons is the number of OTUs containing only one sequence and N total is the total number of 16S rRNA gene clones analyzed (Juretschko et al., 2002) .
The non-redundant, near full-length 16S rRNA gene sequences representing each OTU obtained in this study were deposited in GenBank under the accession numbers JN584679-JN584724.
Quantitative PCR
Quantification of Propionibacterium acnes in specimens positive by the 16S rRNA gene clone library approach was done with qPCR according to Eishi et al. (2002) . The target sequence was a 131-bp portion of the P. acnes 16S rRNA gene. The primers were PA-F (5′-GCGTGAGT GACGGTAATGGGTA-3′) and PA-R (5′-TTCCGACGC GATCAACCA-3′), and the TaqMan probe was PA-TAQ (5′-AGCGTTGTCCGGATTTATTGGGCG-3′). Triplicate 25 lL qPCR reactions were run containing 5 lL of a DNA specimen, 12.5 lL Brilliant ® II QPCR Master Mix (Stratagene), 38 nM ROX (Stratagene), 1 lg lL À1 bovine serum albumin (Sigma, Germany), 100 nM of each primer and 40 nM of the probe (Eishi et al., 2002) . Reactions were run on an Mx3005P (Stratagene) with 5 min at 95°C, 50 cycles of 15 s at 95°C and 1 min at 60°C. The DNA standard was synthesized plasmid containing the 131-bp target gene (GenScript). The standard curve was prepared from serial dilution of the plasmid (2·10 0 ? 2·10 7 copies lL À1 ). In all, 0-11 copies of the P. acnes target gene were detected in the controls without template, and the lower detection limit of the assay was therefore set to be 50 copies per reaction.
Fluorescence in situ hybridization (FISH)
Fluid samples (synovial fluid and Amies transport medium) were fixed in ethanol (50% v/v) for detection of Gram-positive bacteria (Roller et al., 1994) and paraformaldehyde (40 g L À1 ) for detection of Gram-negative bacteria (Amann et al., 1990) . The samples were analyzed by FISH using a universal bacterial peptide nucleic acid (PNA) probe according to the manufacturer's instructions (UNIBAC; AdvanDx, Inc., Woburn, MA). Visualization 16S rRNA gene analysis of prosthetic joint specimens was carried out with a Zeiss LSM 510 confocal laser scanning microscope (Carl Zeiss, Germany).
Bacterial culture
All bacteriological cultures were performed in the Department of Clinical Microbiology, Aalborg Hospital. Synovial fluid was centrifuged at approximately 1400 g and the pellet was used for Gram stain and inoculation. Aerobic culture was done on 5% horse blood agar and chocolate agar at 35°C in 5% CO 2 (incubation period: 4 days); anaerobic culture was done on 10% horse blood agar for 4 days, chocolate agar enforced with menadione and cysteine for 6 days, and in semisolid thioglycollate agar for 4 days (all media were from SSI Diagnostika). Tissue biopsies were cut into smaller pieces and imprints were made on the agar media listed above (for further details see Kamme & Lindberg, 1981) . Incubation temperature and time were as described above. Interpretive criteria were in accordance with Kamme & Lindberg (1981) . Culture from at least three biopsies of one or more phenotypically identical bacteria was deemed to be a significant finding; the number of colony forming units was not a criterion in itself, as enrichment culture was performed for each biopsy and contributed equally to the result. Identification to species level or a provisional group was done according to Murray et al. (2007) . Coagulase-negative staphylococci and coryneform rods were identified with API Staph and API Coryne, respectively (bioMérieux, France). Hemolytic streptococci were grouped by agglutination for Lancefield antigens A, B, C and G. If a good identification was not obtained, provisional names were retained in the final report.
Data analysis
Any number of specimens obtained concurrently by either joint aspiration or surgical revision was defined as the unit of observation and was referred to as a 'specimen set' (n = 25).
Information on bacteriological cultures was retrieved from the laboratory information system after completion of molecular analyses whereby blinding was obtained de facto.
Differences in proportions were assessed by the Fisher exact test (2-tailed) with P < 0.05 deemed to be statistically significant.
Results

16S rRNA gene analysis
A total of 55 specimens were available for 16S rRNA gene analysis and PCR was positive for 25 specimens from 14 different sets and 11 patients (Table 1) . Specimens of synovial fluid were positive in two patients and intraoperative specimens in 12. A clone library was constructed for each positive specimen, giving 25 clone libraries and 666 consensus sequences of high sequence quality. A total of 41 OTUs were formed based on 16S rRNA gene sequence similarity. Except for one bone specimen, all clone libraries had a coverage ratio above 85%, indicating that the majority of the microorganisms in the specimens were detected (for more details, see Supporting Information, Data S1).
The phylogenetic trees constructed from consensus sequences were robust, as congruent phylogenetic relationships were obtained by neighbor-joining, maximum parsimony and maximum likelihood methods. Sequences were distributed into six phyla: Proteobacteria, Actinobacteria, Firmicutes, Bacteroidetes, Cyanobacteria and Fusobacteria, with the majority of the sequences belonging to the first three phyla (Table 1) . Maximum likelihood trees of Proteobacteria, Firmicutes and Actinobacteria are shown in Figs 1-3. Table 1 shows that the most frequent species were Staphylococcus epidermidis and P. acnes, each were detected in six specimen sets. However, the majority of the identified species were detected only in a single patient. Multiple species were detected per specimen set in nine patients. Of note, in four specimen sets (patients 4, 6, 8 and 11) some species were present in all PCRpositive specimens, whereas other species were only detected in some specimens. The presence of P. acnes was confirmed by the specific Taqman qPCR assay in six of nine specimens and in four of six patients (Table 2) . Both sonication and sampling by ESwab were applied to the prosthesis from patient 2B yielding the same species, namely S. epidermidis.
The polymicrobial communities comprised a broad range of bacteria, some of which have rarely been reported from clinical specimens, e.g. Wautersiella falsenii, Dietzia cinnamea and Propioniferax innocua. Among the OTUs there were 10 uncultured taxa, whose closest known relatives were determined by phylogenetic analysis (Figs 1-3) .
Comparison of 16S rRNA gene analysis with culture reports
Results obtained by 16S rRNA gene analysis and conventional bacterial culture are summarized in Table 3 . Results were concordant in 15 of the 25 specimen sets (five positive and 10 negative). In four cases the culture report was corroborated by 16S rRNA gene analysis; however, the analysis revealed multiple additional species. Results were discrepant for six specimen sets (gene analy- 16S rRNA gene analysis of prosthetic joint specimens sis positive and culture negative for five and the reverse result for one). In general, the culture reports fell short of the precise species diagnoses obtained by 16S rRNA gene analysis. Accordingly, only six species or provisional groups were identified by conventional phenotypic methods as compared with 45 species by gene analysis. Nonetheless, S. epidermidis was the most common species using either culture or the molecular approach.
The gene analysis revealed a mixed bacterial flora in more positive specimen sets (9/14; 64%) compared with conventional culture (1/10; 10%); the difference was statistically significant (Fisher exact test, 2-tailed, P = 0.013).
Findings in three patients pointed to a heterogeneous distribution of bacteria (Table 1) . Thus, in patient 8, Staphylococcus aureus was cultured from periprosthetic biopsies and confirmed by molecular analysis. Nevertheless, three additional species were detected in the specimen from a prosthesis and from a bone biopsy. A mixed flora was found by 16S rRNA gene analysis in patients 1B and 5, in either Amies transport medium (ESwab from the prosthesis) or a bone biopsy, whereas a tissue biopsy was negative in both. Nonetheless, culture of periprosthetic biopsies revealed a single species in both cases.
Fluorescence in situ hybridization PNA-FISH was performed with a universal bacterial probe on nine selected specimens that were 16S rRNA gene PCR-positive (from patients 4, 5, 8 and 9, respectively). Both single cells and microcolonies/biofilms were visualized. Figure 4 features a large microcolony of coccoid bacteria sampled with the flocked swab from the surface of the prosthesis (patient 8). The observation correlated with the finding of S. aureus by 16S rRNA gene analysis and culture.
Discussion
In this study of patients with suspected PJI, notably higher bacterial diversity was detected by broad range 16S rRNA gene analysis than with conventional bacteriological culture. Still, there was a fair agreement between results obtained by culture and molecular analysis (Table 3) . It is noteworthy that 10 sets of specimens concurred in being negative in both diagnostic setups. (13) 0.10 Fig. 3 . Maximum likelihood tree of Actinobacteria. Sixteen OTUs, corresponding to 179 clones (consensus sequences), were assigned to Actinobacteria. For simplicity, only representative sequences from each OTU were used in tree calculation. The outgroup consists of 13 sequences from Proteobacteria. The scale bar represents 10% estimated sequence deviation. The number in parentheses indicates the number of clones belonging to the OTU. Type strains are marked by (T).
W. falsenii was first described in 2006 and multiple clinical isolates, including blood isolates, were included in the first publication (Kampfer et al., 2006) . The actinobacterial genus Dietzia is very similar to Rhodococcus and may be an emerging pathogen with a role in PJI (Pidoux et al., 2001; Koerner et al., 2009) . Propioniferax (formerly Propionibacterium) innocua is a member of the skin flora in humans and has not yet, to our knowledge, been assigned a pathogenic role (Yokota et al., 1994) . It should not be precluded that exotic bacteria may have been a regular presence in clinical samples and have now become detectable with new techniques. Studies of intravenous catheters and wounds point in that direction (Larsen et al., 2008; Thomsen et al., 2010) . A better understanding of the pathogenic potentials of these less described bacteria in a polymicrobial biofilm is essential for management of such infections, and currently different theories exist in the literature. Burmølle et al. (2010) suggested that the presence of a bacterium does not necessarily imply that it contributes to the pathogenesis of the infection, and requires treatment. However, different microorganisms may act synergistically in a polymicrobial infection (Brogden et al., 2005) and some authors advocate that bacterial diversity in itself promotes the persistence of chronic infections (Ehrlich et al., 2005) and increased pathogenicity, e.g. in wounds (Bowler, 2003) . The total number of different bacterial species present, rather than some particular species, was found to correlate positively with impaired wound healing (Edwards & Harding, 2004) . Further studies are warranted to determine the function, interaction and clinical implications of the exotic bacteria as well as the polymicrobial flora detected by 16S rRNA gene analysis. However, circumstances strongly suggest that they are part of a complex biofilm community that is not sampled and/or cultured properly with conventional methods. Most likely the specific growth requirements of these bacteria are not met by standard culture conditions and overgrowth by other pathogens may be an additional problem. It was not possible to assess the significance of each identified species in the current study. To fulfil that aim, systematic application of broad range molecular techniques is required in patients suspected of PJI.
PNA-FISH was applied to selected specimens to obtain visual support for the organization of bacteria into biofilms, but the current results should be regarded as preliminary. It was clear, however, that some bacteria were present in microcolonies or pieces of biofilms.
This study was conceived as an exploratory study and the molecular work-up of specimens was more extensive than would be practical for routine diagnosis. The use of clone libraries would probably be too cumbersome for clinical use but it was pivotal for the demonstration of bacterial diversity in this study. Even without a firm basis for clinical interpretation, our study provides useful guidance for handling of specimens from orthopedic implants. The use of the MolYsis DNA extraction kit made it safe to conclude that the preparations of DNA originated from intact and viable bacteria (Horz et al., 2008; Handschur et al., 2009) . The first preparatory step comprised lysis of human cells while leaving bacterial cells unaffected, and the following DNase treatment degraded human DNA as well as DNA from dead microorganisms. This approach mitigates the impact of high amounts of human DNA and PCR inhibitors, which have previously been found to impede studies of, for example, synovial fluid (van der Heijden et al., 1999) . Moreover, the origin of DNA from viable bacteria should make the results of 16S rRNA gene analysis directly comparable with culture reports.
The intraoperative sampling from the metal surface of the prosthesis or spacer with a flocked swab was an option when the prosthesis was retained, but the procedure was also applicable in the molecular laboratory as an alternative to sonication. An experimental study with biofilm formed by Gram-positive bacteria on metal discs has previously shown that sampling by scraping is less effective compared with sonication (Bjerkan et al., 2009) . The flocked swab merits consideration especially for intraoperative use, because it is easy to handle and bacteria are eluted quantitatively to the medium (Van Horn et al., 2008) . However, sonication should be considered the best option for in vitro use (Bjerkan et al., 2009) .
In this study, P. acnes was detected in six patients by 16S rRNA gene analysis but was not isolated by culture Sonication fluid (prosthesis) -Bone --indicates that P. acnes was not detected in the sample or the number was below the detection limit of the assay.
from any of the specimen sets, which may be due to a relatively short incubation period for anaerobic media (4 and 6 days, respectively) (Lutz et al., 2005) . As the qPCR method can facilitate detection of pathogens within hours, the P. acnes-specific qPCR assay was chosen to test the feasibility of this method for PJI diagnosis. The discrepant results obtained for P. acnes with clone libraries and Taqman qPCR assay are most likely due to a lower sensitivity of the qPCR assay, but unfortunately contamination during broad range 16S rRNA gene PCR cannot be precluded. Currently, there are few studies with broad range 16S rRNA gene analysis that allow a direct comparison with our results. Vandercam et al. (2008) analyzed biopsies, swabs or aspirates from 34 patients suspected of PJI and found one patient with a polymicrobial flora comprising two species. Fenollar et al. (2006) analyzed bone or joint specimens from 525 patients, 155 of whom had either a hip or knee prosthesis. A total of 121 specimens were positive by either PCR or culture. Although results were not analyzed separately for prosthetic implants, it is interesting that a subset of specimens had a polymicrobial flora (with two to eight bacteria). The bacterial spectrum was wide and included approximately 20 exotic bacteria, most of which were anaerobes.
There are a number of important limitations to our study. A number of potential sources for contamination with microbial DNA exist despite the precautions taken when handling and processing the clinical specimens. The number of patients was small and no fixed criteria were 16S rRNA gene analysis of prosthetic joint specimens set for inclusion except the suspicion of PJI. Culture methods may not have been optimal with regard to duration of incubation of anaerobic media. Likewise, the phenotypic speciation of bacteria was not as precise as that obtainable by 16S rRNA gene analysis. The flocked swabs used intraoperatively were not submitted for culture because they were not part of the diagnostic routine. While each culture report for surgical biopsies was based on five specimens (Kamme & Lindberg, 1981; Mikkelsen et al., 2006) , most 16S rRNA gene analyses were carried out on one specimen per anatomic site. Even with the best precautions contamination can occur, and the finding of bacterial species that have not previously been associated with PJI should be interpreted with caution. The inference concerning biofilm formation in the PJIs studied was indirect, and the visualization of bacteria by PNA-FISH and confocal microscopy was carried out with selected specimens only. These limitations not withstanding, our study strongly suggests that 16S rRNA gene analysis can detect a more diverse bacterial flora than conventional culture methods. However, 16S rRNA gene analysis combined with cloning as carried out this study is labor-intensive and time-consuming and therefore not applicable for routine diagnosis.
Considering these results, the location and composition of biofilms in PJIs should be addressed more directly in future studies. This can be done by new intraoperative sampling strategies and the use of newer and faster molecular techniques such as direct 16S rRNA gene sequencing combined with the use of the software RIPSEQ (Kommedal et al., 2009) or the IBIS T5000 Biosensor System (Costerton et al., 2011) . Fig. 4 . A large microcolony of coccoid bacteria sampled with a flocked swab (ESwab) from the surface of the prosthesis. The sample was stained with a universal bacterial PNA-FISH probe (UNIBAC; AdvanDx). Staphylococcus aureus infection was confirmed by culture and 16S rRNA gene analysis in the patient (no. 8).
